Flow stimulates ICAM-1 expression time and shear stress dependently in cultured human endothelial cells.
Human umbilical vein endothelial cells were subjected to controlled levels of shear stress in a flow-loading apparatus, and changes in the expression of intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule 1 (VCAM-1) were measured by flow cytometry. Application of shear stress (15 dynes/cm2) increased the cell surface expression of ICAM-1 2.7 times the control level 4 hr after the onset of flow, while it caused no change in VCAM-1 expression. The increase of ICAM-1 expression by shear stress was time- and force-dependent and reversible. Flow loading using perfusates with different viscosity revealed that the increase in ICAM-1 was shear-stress- rather than shear-rate-dependent. Reverse transcriptase/polymerase chain reaction analysis showed upregulation of ICAM-1 mRNA levels by shear stress, whose time course closely paralleled that of the cell surface protein. These results suggest that shear stress generated by blood flow acts as a regulator of cell adhesion molecule expression on vascular endothelial cells.